Municipal housing inspection data can inform planning, targeting, and evaluating interventions aimed at reducing housing hazards (lead paint, mold, pests, etc) that may affect residents' health. However, the potential of these data to inform public health initiatives is underexplored. We determined whether home health hazards identified by city inspectors during proactive inspections of single-family private rental housing are predicted by housing age, assessed value, or location in one of 26 geographic "inspector areas" in Rochester, New York. A comparison of linear mixed models, using housing inspector area as a random effect and assessment and construction year as fixed effects, shows that while a large proportion of variation (64%) in violations is due to housing stock, inspectors provide significant additional information about the presence of potential health hazards, particularly in the highest-risk housing stock. This suggests that inspector-generated housing hazard data may be valuable in designing public health interventions.
A growing number of cities proactively inspect all rental housing, including those in privately owned 1-and 2-unit houses, use a periodic cycle (rather than inspection only by complaint or at unit turnover), and conduct both internal and exterior inspections. 8, 9 Rochester, New York, has proactively inspected all privately owned rental units for nearly 20 years. City of Rochester housing inspectors receive extensive training to ensure consistent enforcement and use of housing code citations. Units must pass inspection to receive a Certificate of Occupancy (required to rent a unit), which is valid for 3 or 6 years, depending on the type of building. Data on each inspection are recorded and made publicly available.
For municipal inspection data to be useful in informing public health interventions, they must yield systematic and consistent identification of potential health hazards. Our analysis of unit-specific inspection data examines the relationship among housing violations cited, home age, home assessed value, and inspected neighborhood area.
Methods
Each City of Rochester housing inspector is assigned to one of 26 geographic inspector areas (see Supplemental Digital Content Figure 1 , available at http:// links.lww.com/JPHMP/A434). To equalize inspectors' workload, inspector areas encompass similar numbers of properties requiring inspection. The housing stock within these inspector areas varies in terms of size, number of units, age, and value. Inspectors proactively visit all rental units in their area at least once every 6 years and record any observed housing code violations as part of the Certificate of Occupancy process. Rochester's Property Conservation Code is based on the New York State Uniform Code, with additional local provisions. 10, 11 Violations cited by the inspector are cited in a "Notice and Order" and must be corrected before a Certificate of Occupancy is issued and the unit may be legally rented. The City of Rochester inspections department tracks time elapsed between citation and correction of violations for each house; however, the data used in these analyses contain no details on corrective measures taken.
The City of Rochester provided data on housing violations cited during inspections conducted between 2009 and 2014. Of the nearly 300 possible violations, we consulted with city inspectors to select 136 "healthy home violations" associated with the major housing hazards identified in the 2013 State of Healthy Housing report, as well as additional conditions of concern.
12 These violations included window, roof, and siding problems; broken stairs or handrails; leaks; electrical hazards; and lack of working smoke detectors; etc. (for additional detail, see Supplemental Digital Content Material, available at http://links.lww.com/JPHMP/A436). We totaled each home's number of violations into a single "Healthy Home Violations Score." Data also included the home's assessed value, year built, and building type (single family, duplex, or multiunit). To maximize comparability by assessed value, we limited our analyses to single-family homes inspected once during the 6-year period (n = 7623). We converted assessed value and age (year built) into quartiles for analyses.
We constructed a set of linear multilevel regression models (in which violation data were nested within inspector area) to determine whether differences in the healthy home violations could be explained by inspector area, housing age, and assessed value. Housing inspector area was included as a random effect, whereas housing age and assessed value were included as fixed effects. To investigate whether inspections provide additional information about home health hazards, we created a matrix of housing risk by quartile for age (older housing = higher risk), assessed value (lower value = higher risk), compared the mean and standard deviation of housing violations within each cell.
Results
The total number of single-family rental homes inspected across the 6 years ranged from 965 (in 2012) to 1556 (in 2011), and the mean number of all healthy home violations cited per house ranged from 3.6 (in 2010) to 5.4 (in 2012) (Table) . The number of inspections across all years ranged from 77 to 454 inspections per inspector area, reflecting variance in the proportion of single-family rental homes in each area. The number of violations per house ranged from 0 to 32, and distributions were similar across the inspector areas (see Supplemental Digital Content Table 1 , available at http://links.lww.com/JPHMP/ A435). Most homes (54.5%) had fewer than 4 healthy home violations. However, 10.8% had more than 10 and 1.1% had more than 20 violations. Inclusion (or exclusion) of the properties with zero violations had no appreciable impact on the analyses, as relatively few properties had zero violations, and that these "zero-violation" properties were not clustered in any one inspector area.
The Table shows the mean number of violations by assessment quartile, by year of construction quartile, and by inspector area. There is greater variation in violations within assessment and construction year quartiles 1 and 2 (those with the oldest or lowest value housing). This variation exceeds the differences in mean healthy home violations across inspector areas.
Mixed-model analyses showed significant results for inspector area in both the random-(z = 3.35, P < .01) and fixed-effects (Wald's z = 3.10, P < .001) models. However, the comparison of the mixed models containing the random effect (inspector area) with the one that includes that random effect plus fixed effects (construction year and assessed value) shows that the variance structure of the models has changed. The variance within inspector area changed slightly (from 20.5 to 19.6), whereas the variance component between inspector areas decreased markedly (from 1.67 to 0.60). The ratio of the variance components between the 2 models (20.5/19.6 to 1.67/.60) suggests that 64% of the variance is attributable to the fixed effects (housing stock).
Discussion
Our results suggest that housing violations are cited consistently across the city of Rochester, since a large portion (64%) of the area-to-area variation in inspection is explained by construction year and assessed value. Thus, inspection outcomes affirm the expectation that older and lower-value housing units have more health hazards.
The remaining variation suggests that housing inspection data add significant information about home health hazards beyond what might be predicted on the basis of home age and assessed value alone. Particularly in the highest-risk areas, these inspections may identify individual homes or specific areas where residents may be at risk from housing hazards. This also suggests that inspections of high-risk rental housing can positively impact housing quality, as violations must be addressed before renting. In addition, the higher variability in Healthy Home Violations Scores within the higher-risk housing quartiles may suggest that some property owners and residents maintain such older, low-value housing units in better condition than do others. This study is limited by the available data on housing risk factors (eg, age and housing value). Although we found no evidence of systematic differences in healthy home violation patterns between inspectors, a double-blind (side-by-side) inspection design would
Implications for Policy & Practice
■ Data to plan, target, and evaluate housing-based health interventions are limited and expensive to collect.
■ Existing housing inspection systems may provide a rich source of data to inform efficient, effective, and sustainable interventions.
■ Little is known about the accuracy, consistency, or predictive value of inspector-collected data, and our study shows that inspector-collected data may be particularly valuable in the highest-risk housing units (older, low-value rental properties).
■ Future research should explore connections with health outcomes by housing unit, geography, and demographic variables.
■ Public health professionals should partner with housing inspectors to plan and evaluate housing-based interventions to promote health and reduce health disparities.
be needed to confirm the extent of interrater reliability between inspectors. The next step is to assess inspection data usefulness in predicting health outcomes by housing unit or geographic area, and whether sociodemographic information improves these predictions. Future studies linking these inspection data to address-or neighborhood-specific health information may refine our understanding of the potential for targeted home visiting programs, housing grants, or educational outreach to improve housing-related health conditions. For example, exploring how well the number of healthy home violations predicts the presence of a lead-poisoned child could inform lead hazard reduction programs that micro-target high-risk blocks. Similarly, models of a subset of violations such as leaking roof, plumbing leaks, and presence of mold might predict asthma emergency department visits at the census block level. Healthy housing violation data might also identify areas with both a high rate of safety-related hazards (broken handrails, stairs, etc) and older adults at risk of falls. Public health professionals should promote expansion of proactive rental housing inspection systems and partner with them to inform, target, and evaluate effective housing-based public health initiatives.
